INTRODUCTION
The closest stars to the Sun have played a central role in studies of stellar astrophysics, as well as appealing to the imagination of the general public (Henry et al. 1997) . Over the last century, wide-field imaging surveys have been conducted at progressively fainter magnitudes and longer wavelengths, enabling the detection of the Sun's neighbors down to the hydrogen burning limit (e.g., Barnard 1916; Wolf 1919; Ross 1926; Luyten 1979; Lépine & Shara 2005) and into the substellar regime (e.g., Kirkpatrick et al. 1999; Strauss et al. 1999; Burgasser et al. 2004; Burningham et al. 2010) . One of the most recent surveys was performed by the Wide-field Infrared Survey Explorer (WISE, Wright et al. 2010) , which obtained mid-infrared (IR) images of the entire sky. Those data have proven to be highly effective at uncovering the coldest brown dwarfs in the vicinity of the Sun Kirkpatrick et al. 2011) .
Most of the brown dwarfs found with WISE have been selected based on their colors. However, nearby brown dwarfs also can be identified through their large proper motions, which avoids photometric selection biases (e.g., Deacon et al. 2009; Sheppard & Cushing 2009; Artigau et al. 2010; Scholz 2010) .
This method has been successfully applied to the WISE astrometry by measuring motions relative to near-IR surveys (Gizis et al. 2011; Liu et al. 2011; Scholz et al. 2011; Bihain et al. 2013) and within the multiple epochs from WISE (Luhman 2013 (Luhman , 2014 Thompson et al. 2013; Wright et al. 2014; Kirkpatrick et al. 2014) . The latter data are especially well-suited for finding nearby objects that are too cold to be detected in near-IR surveys. In this Letter, I characterize an object of this kind from my proper motion sur- Luhman (2014) 4 , demonstrating that it is one of the Sun's closest neighbors and the coldest known brown dwarf.
OBSERVATIONS
2.1. Mid-IR Images from WISE Between 2010 January 7 and 2011 February 1, WISE performed an all-sky imaging survey in bands centered at 3.4, 4.6, 12, and 22 µm, which are denoted as W 1, W 2, W 3, and W 4, respectively (Wright et al. 2010) . Because of the successive depletion of the two cryogen tanks, images were collected through only W1/W2/W3 and W1/W2 after 2010 August 6 and 2010 September 29, respectively. Each position in the sky was observed 12 times over a period of 1 day at intervals of six months. By the end of the 13 month survey, the images for a given location spanned either 6 or 12 months.
In Luhman (2014) , I found that WISE J085510.83−071442.5 (hereafter WISE 0855−0714) moved 2.
′′ 5 between two epochs of WISE images that are separated by six months, which indicates a proper motion that is unusually high among known stars. The WISE data for this object were obtained on 2010 May 4 and 2010 November 11 and consisted of 14 and 13 detections, respectively. It has a color of W 1 − W 2 = 2.7 in the WISE All-Sky Source Catalog, which implies a spectral type of T6-T8 . Among the publicly available images that encompass WISE 0855−0714, the data at J and K s from the Visible and Infrared Survey Telescope for Astronomy (VISTA) Hemisphere Survey (PI. McMahon, ID 179.A-2010) provide the best constraints on its nature. These images are found in the first public data release for that survey in the VISTA Science Archive. The VISTA observations were performed on the night of 2010 March 9, which was only two months prior to the first epoch of WISE images for WISE 0855−0714. As a result, its expected position in the VISTA images is well-constrained. An object is not detected at that location in the J and K s data from VISTA, which are shown in Figure 1 for a 1 ′ × 1 ′ area that encompasses WISE 0855−0714. Using the VISTA catalog of sources in the vicinity of WISE 0855−0714, I estimate that a signal-to-noise ratio (SNR) of 3 corresponds to J ∼ 20.3 and K s ∼ 18.6. The resulting color of J − W 2 > 7 is much redder than the values of 2.5-4 that are exhibited by T6-T8 dwarfs, and instead is indicative of a Y dwarf .
To investigate the discrepancies in the spectral types implied by W 1 − W 2 and J − W 2, I examined the WISE images of WISE 0855−0714. I retrieved the single exposure images from the NASA/IPAC Infrared Science Archive, and coadded all images at a given filter for each of the two epochs. The resulting images at W 1 and W 2 are shown in Figure 1 . The mean coordinates of WISE 0855−0714 from the single exposure catalogs in each epoch agree with the positions of the W 2 source in the coadded images, but each epoch's source in W 1 is near the midpoint between those coordinates. In other words, the W 2 source shows significant movement between epochs while the W 1 source does not. The position of WISE 0855−0714 in W 1 is roughly midway between two objects that are near the detection limit in the VISTA K s image and are separated by 4-5 ′′ . Based on these WISE and VISTA data, I concluded that WISE 0855−0714 is probably a blend of a moving object that dominates at W 2 and two stationary sources that dominate at W 1, which would explain why W 1 − W 2 implies an earlier spectral type than J − W 2. This scenario is confirmed by the Spitzer observations described in Section 2.3. It is unclear which components of WISE 0855−0714 dominate in W 3, which is available for the first epoch only. The WISE All-Sky Source Catalog contains a measurement of photometry for WISE 0855−0714 in W 4, but no detection is apparent based on visual inspection of the coadded image.
2.2. Near-IR Images from Gemini I pursued near-IR imaging of WISE 0855−0714 that is deeper than the data from VISTA to better constrain its motion and spectral type and to assess the feasibility of spectroscopy. Among the standard near-IR filters, J and H usually offer the best sensitivity to the coldest brown dwarfs; the former was selected for these observations. The images were obtained with the Gemini NearInfrared Imager (NIRI) at the Gemini North telescope on the night of 2013 April 17. The instrument contained a 1024×1024 ALADDIN InSb array and was operated with the f/6 camera, resulting in a plate scale of 0.
′′ 117 pixel
and a field of view of 2 ′ × 2 ′ . Twenty-six dithered images of WISE 0855−0714 were collected, each with an exposure time of 1 min. The images of WISE 0855−0714 were flat fielded, corrected for distortion, registered, and combined. Astrometry and photometry from VISTA were used to measure the world coordinate system (WCS) and flux calibration for the combined image. Point sources in the image exhibit FWHM∼ 0.
′′ 5. No counterpart to the moving component of WISE 0855−0714 is detected in the NIRI image (see Fig. 1 ). The two components detected by VISTA appear at the same positions in the NIRI image, confirming that they have negligible motion. Using the calibrated photometry for sources in the NIRI image, I estimate that SNR=3 corresponds to J ∼ 23.
Mid-IR Images from Spitzer
Because it was likely to be a new member of the solar neighborhood based on its rapid motion in the WISE images, I included WISE 0855−0714 in a survey for common proper motion companions to nearby stars (program 90095) with the Spitzer Space Telescope (Werner et al. 2004) . For WISE 0855−0714, the data from this program also provide constraints on its colors and motion. It was observed on 2013 June 21 and 2014 January 20 with Spitzer's Infrared Array Camera (IRAC; Fazio et al. 2004) . The images in June were collected through the 3.6 and 4.5 µm filters, which are denoted as [3.6] and [4.5] . Because the primary purpose of the second observation was astrometry, only the [4.5] band was employed. Five dithered images were obtained in each filter on a given date. The exposure times for the individual frames were 23.6 and 26.8 s for [3.6] and [4.5], respectively.
The IRAC data were reduced in the manner described by Luhman et al. (2012) . The resulting images are shown in Figure 1 . IRAC has detected two objects straddling the position of WISE 0855−0714, which coincide with the pair of stationary sources detected by VISTA and NIRI. In the first and second IRAC epochs, the moving component of WISE 0855−0714 appears ∼ 22
′′ and 26
′′ west of its position in the second epoch of WISE images, respectively. This object is fainter than the two stationary sources in [3.6], but the opposite is true at [4.5] . Given the similarities in the bandpasses of [3.6]/W 1 and [4.5]/W 2, these relative IRAC fluxes confirm the suggestion from Section 2.1 that WISE 0855−0714 is dominated by a moving object in W 2 and two stationary objects in W 1. In fact, because W 1 is fainter than [3.6] for T and Y dwarfs , the dominance of the stationary objects at W 1 should be even greater than that in [3.6].
I measured photometry in [3.6] and [4.5] for the moving and stationary components of WISE 0855−0714 from the IRAC images using the methods from Luhman et al. (2012) . Those data are presented in Table 1 . The W 2 and [4.5] filters produce photometric magnitudes that agree to within a few percent on average 5 . Therefore, I can estimate the W 2 photometry of the moving component of WISE 0855−0714 by subtracting the [4.5] photometry of the stationary objects from the W 2 measurement in the All-Sky Source Catalog (W 2 = 13.63). The corrected photometry for the moving component is W 2 = 13.89, which matches the IRAC measurement of [4.5] = 13.89.
To measure astrometry for the moving component of WISE 0855−0714, I began by measuring pixel coordinates with the task starfind in IRAF for all point sources in the reduced [4.5] image from each IRAC epoch and in the coadded W 2 image from each WISE epoch for a 8 ′ × 8 ′ field centered on WISE 0855−0714. I used astrometry from the Two Micron All-Sky Survey (2MASS, Skrutskie et al. 2006) for sources in each image to derive offsets in right ascension, declination, and rotation that align the WCS with the 2MASS astrometric system. For each of the WISE images, the coordinates measured for WISE 0855−0714 apply to a blend of the moving object and the two stationary sources. To correct for the lat-ter, I added an artificial star with the flux of the moving component to one of the IRAC [4.5] images at a location near the coordinates measured from a given WISE epoch, smoothed the resulting image to the resolution of WISE, and measured astrometry for the blended source. This process was repeated for artificial stars at different locations until the astrometry of the blend agreed with the WISE position. I then adopted the true coordinates of the artificial star for that best fit, which was equivalent to adding 0.
′′ 2 and −0. ′′ 3 to the right ascensions measured from the first and second epochs of WISE images, respectively. No corrections to the declinations were necessary. To estimate the errors in the astrometry, I computed the standard deviations of the differences in right ascension and declination between the two IRAC epochs and between each WISE epoch and 2MASS for sources that have fluxes roughly similar to that of WISE 0855−0714. The implied errors for the WISE data are ∼ 0.
′′ 2, but I have adopted 0. ′′ 4 in an attempt to account for the additional errors introduced by the blending. The astrometric data for the moving component of WISE 0855−0714 from WISE and IRAC are listed in Table 2 . The coordinates of the stationary components in the IRAC images are included as well. The designation "WISE 0855−0714" refers to the moving object alone in the remainder of this study.
CHARACTERIZATION OF WISE 0855−0714
3.1. Parallax and Proper Motion I applied least-squares fitting of proper and parallactic motion to the astrometry for WISE 0855−0714 with the IDL program MPFIT. The reduced χ 2 for the fit is less than unity (0.3), indicating that the adopted astrometric errors may be overestimated. To check the errors produced by the fitting, I created 1000 sets of astrometry by adding Gaussian noise to the measured values, and fitted parallactic and proper motion to each set. The resulting standard deviations of proper motion and parallax were similar to the errors from MPFIT. The estimates of proper motion and parallax are presented in Table 1 . The relative coordinates among the four epochs are shown in Figure 2 after subtraction of the best-fit proper motion. Dupuy & Liu 2012; Luhman et al. 2012; Tinney et al. 2012; Beichman et al. 2013 Beichman et al. , 2014 Leggett et al. 2013; Kirkpatrick et al. 2013; . In Figure 3 , WISE 0855−0714 is the reddest brown dwarf in (Leggett et al. 2010) . I have used the cloudy models from Burrows et al. (2003) and the versions of the cloudless models from Saumon & Marley (2008) that were utilized by Luhman et al. (2012) in a similar analysis of WD 0806-661 B. I have also employed models by Morley et al. (2014) that include clouds of sulfides, alkali salts, and water ice across 50% of the surface. Since the age of WISE 0855−0714 is unknown, I wish to compare it to model predictions for a span of ages that encompasses most stars in the solar neighborhood, such as 1-10 Gyr. Therefore, I consider the models for 1 and 10 Gyr from Saumon & Marley (2008) The mass of WISE 0855−0714 can be estimated by comparing the observed and theoretical values of M 4.5 . The combination of the models from Burrows et al. (2003) and Saumon & Marley (2008) enable an estimate of the full range of possible masses for 1-10 Gyr. The faint limit for M 4.5 corresponds to 3 M Jup using the models from Burrows et al. (2003) for 1 Gyr while the bright limit implies 10 M Jup according to the models from Saumon & Marley (2008) for 10 Gyr. [4.5] , and the faintest in M 4.5 , indicating that it is the coldest known brown dwarf (and hence a Y dwarf). When compared to the model predictions of Burrows et al. (2003) , Saumon & Marley (2008) , and Morley et al. (2014) , the constraints on J −[4.5] and M 4.5 imply effective temperatures of 300 K and 225-260 K, respectively. If it is within the age range of 1-10 Gyr that encompasses most nearby stars, then it should have a mass of 3-10 M Jup according to the theoretical values of M 4.5 . At this mass, WISE 0855−0714 could be either a brown dwarf or a gas giant planet that was ejected from its system. The former seems more likely given that the frequency of planetary-mass brown dwarfs is non-negligible 6 while the frequency of ejected planets is unknown. Assuming that WISE 0855−0714 is a Y dwarf, the four closest known systems now consist of two M dwarfs and one member of every other spectral type from G through Y.
WISE 0855−0714 offers an opportunity to test atmospheric models in an unexplored temperature regime. Exploiting this opportunity will require additional astrometry to refine its parallax measurement and deeper near-IR photometry to better constrain its spectral energy distribution. Spectroscopy will be necessary for detailed tests of the model atmospheres, but given the current limits on the near-IR fluxes (J > 23), it may not be feasible until the deployment of the James Webb Space Telescope. (Table 1 , red curve). The proper motion produced by the fitting has been subtracted.
